Bacteriophages, lytic for wild-type strains of Clostridium botulinum and different from the phages that can be induced from these lysogenic cultures, were isolated from bottom sediments of an inland bay and its tributary river. The host ranges indicated seven phages, in three morphological groups : three were tailless phages, three had hexagonal head and sheathless flexible tail, and one had a sheathed tail. The hosts were restricted to non-proteolytic C. botulinum strains producing type B, E, or F toxin and to a few of the non-toxigenic clostridia which resemble C. botulinum type E. None of the phages was active on proteolytic C. botulinum producing type A, B, or F toxin or cultures producing type C or D toxin. The host ranges of the phages are considered to be part of the evidence that the C. botulinum types, as defined at present, based on the serological specificity of the toxins, obscure the natural relationships among the strains of the species.
A special meat infusion medium (meat infusion-DTT) was made from the meat byproduct collected during the preparation of beef infusion (I lb fresh ground beef/l of water held overnight at 4"). A suspension of meat particles, dried at low heat for storage, in water (15 g/Ioo ml) was boiled for 5 min. Fatty material that separated during cooling to 4" was removed. The infusion was clarified by passing through medium retentive filter paper after mixing in Celite (Johns Manville, New York, N.Y., U.S.A.) and was made up to the original liquid volume with water. To this were added the components of TPGY (with the exceptions of 2.5 trypticase and sodium thioglycollate) and the pH adjusted to 7-4. Agar was added as required and the medium was sterilized at 121' for 20 min. As reducing system and nutrient supplement, a filter-sterilized solution of dithiothreitol, (DTT, 200 pglml), cysteine (200 ,ug/ml) and glutamine (200 ,ug/ml) was added after the medium was heated and cooled for use. These concentrations were double those used for plating another oxygen-sensitive Clostridium (Moore, 1968).
Spore suspensions were from 4-to 5-day-old TPGY cultures'lwashed with distilled water. All cultures were incubated at 30" except type C strains which were grown at 37". Plated cultures were incubated in Brewer jars which contained the catalyst of the Torbal anaerobic jar (Scientific Products, Chicago, Illinois, U.S.A.) and which were flushed three times with H2. Extinction at 600 nm (Spectronic 20; Bausch and Lomb, Rochester, N.Y., U.S.A.) was used to determine turbidity of broth cultures.
Bacterial lawns. Lawns were prepared by the overlay method (Adams, 1959) . Soft agar, prepared by mixing I ml LVA and 2 ml TPGY, was inoculated immediately before it was poured on to a layer of solidified LVA in Petri plates. Lawns were started with inocula of I O~ or more spores in 0.1 to 0.3 ml when the cultures sporulated well and permitted preparation of suspension with adequate spore concentrations. Young, vegetative cultures were used to develop lawns of the poorly sporulating strains (Anastasio et al. 1971 ). However, lawns suitable for phage studies were often not obtained in the LVA-TPGY soft agar, nonproteolytic strains other than type E giving the most difficulty. With these more fastidious cultures, the lawn overlay was 2.5 ml of meat infusion-DTT-0.7 % agar seeded with 0.5 ml of actively growing culture (extinction about 0.4) in meat infusion-DTT broth. The base layer medium was the same as the overlay with 1.5 % agar. Exposure of organisms to air was minimized by rapid manipulations following the inoculation of overlay agar.
Isolation of phages. Enrichments for phages were 3 g of bottom sediments from Green
Bay and Fox River, similar to those studied in the survey for Clostridium botulinum type E (Bott et al. 1968 ) inoculated into 30 ml of CMM and 0.5 ml of a 24 h-old TPGY culture of a strain selected as a possible phage host. After 24 to 48 h incubation the cultures were centrifuged and the supernatant fluids were passed through a Millipore filter of 0.45 pm pores. Further enrichment consisted of adding I ml of the filtrate to a young TPGY culture of the strain used in the original phage enrichment step. The culture was incubated 24 h, centrifuged and filtered. Nascent lawns of the bacterial strain that had been used for enrichment were spotted with 0.05 ml of the filtrate. If the lawn which developed after incubation showed clear areas where the filtrate had been applied, dilutions of the filtrate were plated by the overlay technique. The phage was purified by replating the extract of an isolated plaque, the sequence being repeated at least three times (Adams, 1959) . Phage used in the phage isolation. The plate that showed nearly confluent lysis was then extracted with 3 ml of 0.85 % NaCl (Adams, 1959) . The filtered lysates were stored at 4". The exception was with phage 111-1, which has only minimal activity on lawns. Stocks of this phage were lysates of broth cultures. Electron microscopy. Phage stocks, prepared as described above, and lysogenizing phages, obtained by mitomycin C induction (houe & Iida, 1968) of TPGY cultures, were examined. The samples were processed and negatively stained with phosphotungstic acid (Eklund et al. 1969) . Examination was with the Zeiss EM 9 A or Hitachi HU I I E electron microscope.
RESULTS
The first suggestion of phages active on normal Clostridium botulinum cultures was shown by a filtrate of a CMM medium in which a Fox River sediment had been incubated for 4 days. The unheated, organism-free filtrate delayed visible growth by several hours when added to tubes of TPGY inoculated with equal number of spores of the MINNESOTA type E strain, but not if heated to IOOO for 10 min. The culture showing the delayed outgrowth was incubated an additional day and 0.1 ml was transferred to a fresh 10 ml of TPGY. Serial subcultures were made daily until the last transfer was equivalent to a 1 0 -l~ dilution of the culture that had shown the delayed appearance of growth. Although none of the subcultures showed evidence of lysis during incubation, filtrates of both the first and final cultures had 10' plaque-forming units (p.f.u.)/ml when plated with the MINNESOTA strain.
Multiple phage enrichment cultures from bottom deposits from eight locations in the Fox River and lower Green Bay were made of each specimen by using type E strains (ALASKA E43, MINNESOTA, BELUGA and ~2 )
and type E-related strains (non-boticinogenic s9 and boticinogenic 3759). Eleven purified phage lines were isolated and were tested on lawns of different culture strains. Four different host patterns were obtained. These (phages 1-1,1-2, 11-1 and 11-2) are shown in Table I along with those of three other phages that were isolated later by enriching bottom-sediment specimens with the designated culture strains. The three main groups of phages (I, 11, 111) are based on their general morphology (see below).
Phage 11-2 was isolated with culture 3759 but is propagated on culture ALASKA ~4 3 since the former culture produces boticin E which affects the growth of non-proteolytic cultures (Anastasio et al. 1971) . The active agent in these stocks was phage and not bacteriocin according to plaque formation and replication ; moreover, in contrast to boticin (Kautter et al. 1966)~ the activity was destroyed by heating (100' for 5 min) but not by treatment with trypsin.
All type E cultures tested were sensitive to at least one of the phages. Comparatively few non-toxigenic, type E-related strains serve as hosts. Enrichments of sediments with type E-related strains did not yield a phage that acted on non-toxigenic strains without acting on a type E strain.
None of the proteolytic Clostridium botulinum was susceptible to the phages. These cultures did not form inactivators of phages; the phages were still active against their type E hosts after incubation at 37" for 30 min with filtrates prepared from broth cultures of the type A HALL and type B OKRA strains.
Phages I-1,11-2 and 11-3, each lytic for one or more type E strains, were active on all three of the non-proteolytic type F strains. In addition, phage 11-2 acted on one of the nonproteolytic type B strains. Phage 111-1, for which a type E host was not found, was virulent for all three non-proteolytic type B strains but was not active on any of the proteolytic type B strains. However, it did lyse one of the three non-proteolytic type F strains. Phages for non-proteolytic C. botulinum 1-1 ; (c) phage  11-1 ; (d) phage 111-1 (propagated in culture 17~) .
Phage 1-1 was the most widely distributed; it was recovered from five of eight sediment samples and from the intestinal contents of two of three fish (suckers, Catostomus and Moxostoma) caught in Green Bay. Phage 1-2 was recovered from three samples and the remaining phages from one sample each. Phages 11-1 and 11-3 were present in different specimens having I-I .
Electron microscopy showed three general morphological forms among the virulent phages. The phages that could be induced from the wild-typey lysogenic hosts were distinct from the lytic phages. The lysate obtained by inducing the ALASKA ~4 3 strain with mitomycin C had many particles resembling phage tails (Tnoue & Iida, 1968; Eklund et al. 1969 ) and occasionally had a complete phage (Fig. ~a ) .
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The lysate that resulted from the action of phage 1-1 had hexagonal units of 33 nm diameter (Fig. I 6) which were clearly different from the inducible phages. Phages 1-2 and 1-3 were morphologically identical to 1-1. Phages of this group lacked a tail.
The group I1 phages differed in dimensions but were similar in having a hexagonal head and flexible, sheathless tail. Their general morphology is illustrated with phage II-I (Fig. I c) which has a head of 58 nm diameter and a tail of 10 x 186 nm. The head and tail dimensions of II-2 were 54 nm and 10 x 154 while those of phage II-3 were 79 nm and 10 x 360 nm. Tails of phages 11-2 and 11-3 showed more undulations than those of 11-1.
Phage III-I was different from all others in having a sheathed tail (Fig. I d) . The diameter of the head was I 15 nm, the tail length was 318 nm and the sheath was 22 x 216 nm. The host range of 111-1 was determined by adding I ml of a phage stock to 10 ml of young broth cultures (ESw about 0.3) and following culture turbidity during subsequent incubation. During initial isolation only occasional plaques were formed on strain I~B lawn. The plaques were extracted and spotted on incipient I~B lawns which also developed only a few plaques per plate. Repeated passages on lawns did not increase plaque-forming activity, although the addition of a plaque extract to broth cultures caused subsequent lysis of the cultures. The phage was therefore maintained by passage in broth cultures of 1 7~.
The host spectra of the other phages were based on observations made with lawns, since these phages consistently formed clear plaques (I to 3 mm diameter) but did not lyse broth cultures of most host strains. Nevertheless, phage was multiplying in these broth cultures, illustrated by the results withphager-I. A stock suspension ofthis phage had 3.5 x 107p.f.u.lml
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Phages for non-proteolytic C. botulinum when plated with culture ALASKA E43 and 3 . 9~ 107 when tested on culture s9. When I ml of the phage stock was added to a young broth culture of each of these two strains, only the s9 culture lysed (Fig. 2 ). The ALASKA ~4 3 culture that did not show the effect of phage was transferred serially at daily intervals to produce a 1 0 -l~ dilution of the phage stock. A filtrate of this final subculture had 2 x 10' p.f.u./ml when plated with the ALASKA ~4 3 culture, although none of the broth subcultures gave evidence of lysis during their incubation. Nascent lawns of ALASKA E43, sg and 2 0 2 F were spotted with phage 1-1 and incubated overnight. Isolated colonies were present in the generally clear areas that had resulted from phage activity. The subcultures of a number of these colonies were resistant to phage 1-1.
When two randomly selected phage-resistant isolates from each of the three phage-culture combinations were treated with mitomycin C (I pglml), all lysed. The assumed induced phage in these lysates was enriched by using a young broth culture (wild-type) of host strain s9. The filtrates from these enrichments had a phage whose host range was that of phage 1-1.
An identical experiment with phage 11-2 and the same three culture strains recovered cultures that were lysogenic for the phage. The subcultures' resistance to the phage that had been used for their isolation resulted therefore from an acquired lysogeny. The new prophages would confer the observed immunity to the homologous phage.
D I S C U S S I O N
This report presents the first description of bacteriophages that are virulent for wild-type Clostridium botulinum. The previously reported phages of the species are different ; they were obtained by induction of the lysogenic cultures and were not lytic for wild-type strains (Inoue & Iida, 1968; Eklund et al. 1969) .
Immunity conferred by prophages carried by proteolytic cultures does not explain their resistance to the phages. Such can be inferred because phages induced in these cultures do not act on type E cultures (unpublished). Moreover, preliminary observations indicate that the phages which are virulent for type E do not adsorb on to proteolytic Clostr idiurn bo tulinum.
Phage typing of a taxospecies is based on the strains being more closely related if they are sensitive to the same phage(s) in a set (Stocker, 1955; Meynell, 1964) . A close taxonomic relationship is indicated for cultures that are lysogenized by a particular phage since the development of the prophage state requires some homology of the phage and bacterial genomes (Jones & Sneath, 1970) .
The host ranges of the phages and ease of isolating host cultures that have become lysogenized by the phages indicate a close natural relationship of non-proteolytic Clostridium botulinum strains which produce toxins other than type C or D. The same type (B or F) of toxin can be produced by cultures that differ in response to the phages.
Other lines of evidence support the conclusion that the natural relationship of Clostridium botulinum strains is obscured by the present typing that is based on the serology of the toxin. Three metabolic patterns can be discerned among the cultures. Cultures producing type C or D toxin have similar metabolism and constitute one group of organisms. The remainder form a proteolytic and non-proteolytic group such that each group is composed of metabolically related strains producing different types of toxin (Smith & Holdeman, 1968) .
Comparing the latter two metabolic groups, the non-proteolytic forms are similar in having spores of lower heat resistance than those of the proteolytic group and in their ability to grow and produce toxin at lower temperatures (Schmidt, 1964; . Strains of the non-proteolytic group share
